Abstract. We present measurements of the quasiparticle relaxation time in Ta superconducting films shaped as planar resonators using the response of the complex conductivity to photon flux. These films have been implanted with magnetic (Mn) as well as non-magnetic atoms (Al). We find a significant decrease of the relaxation time with increasing impurity concentration for both cases, observing a reduction of the low temperature relaxation time, from 25 µs to 10 µs when implanting 100 ppm Mn. This indicates that impurities enhance quasiparticle relaxation in superconductors, regardless of their magnetic moment.
The equilibration of the superconducting state is presently an important issue at temperatures far below the critical temperature T c . If the superconductor is driven into a non-equilibrium state, relaxation occurs by the energy exchange among quasiparticles and the lattice as well as by recombination: quasiparticles with opposite wave vector and spin combine to form Cooper pairs, transferring the energy to the lattice [1] . The recombination time increases exponentially with decreasing bath temperature, due to the reduction in thermally excited quasiparticles.
Recently, we have measured the temperature dependence of the relaxation time far below the critical temperature in both Ta and Al [2] , see Fig. 1 . Using the complex conductivity to probe the response of the superconductor to optical photon flux, we find that at high temperatures (T /T c 0.2) the relaxation times follow the expected exponential temperature dependence (dotted lines): 1/τ ∝ T /T c e −∆/kT [1] . At low temperatures we find that the relaxation times saturate below a tenth of the critical temperature at a plateau value of 25-35 µs for Ta and 400-900 µs for Al. In Ta and some Al samples even a non-monotonic temperature dependence is observed. This clear saturation indicates the presence of a separate relaxation channel, which dominates at low temperatures. In addition, independent hot electron experiments [3] and experiments using superconducting tunnel junctions [4, 5, 6 ] suggest a similar pattern.
In order to find out whether low temperature relaxation is magnetic impurity related, we have implanted both magnetic (Mn) as well as non-magnetic (Al) atoms into Ta superconducting films. In normal metals dilute concentrations of magnetic atoms have been found to enhance quasiparticle relaxation via inelastic electron-electron scattering [7] .
A non-equilibrium state is created by applying an optical photon pulse. The breaking of Cooper pairs due to photon absorption is followed by a fast downconversion cascade, resulting in a large number of quasiparticles at energies near the gap [8] . The variation in the Cooper pair density n cp and quasiparticle density n qp changes the kinetic inductance, for thin films: [9] . To probe the subsequent relaxation the superconducting films are patterned into planar microwave resonators [10] . The relaxation shows up as the return of the resonance frequency to the equilibrium value, δω 0 /ω 0 = − α 2 δL k /L k , with α the fraction of kinetic to total inductance. We use quarter wavelength coplanar waveguide (CPW) resonators, which have a central line width of 3 µm and slits of 2 µm wide. The resonators have lengths of several millimeters and resonance frequencies in the GHz range, typically 3-6 GHz. The resonators are capacitively coupled to a single feedline which runs across the chip.
Ta is chosen as the superconducting material because of its demonstrated relaxation time and relatively high critical temperature. A 280 nm thick Ta layer is deposited onto a high resistivity Si substrate. To promote growth of the desired body-centered-cubic phase, a 6 nm Nb seed layer is used underneath the Ta film [11] . Patterning is done using optical lithography and reactive ion etching in a CF 4 /O 2 plasma. The critical temperature is 4.4 K, the residual resistance ratio is 3.1 and the resistivity is 8.8 µΩcm. Quality factors up to 10 6 are reached. We have chosen for Mn as magnetic atom as it retains its magnetic moment in V and Nb [12] . As non-magnetic atom Al is used. The atoms are ion-implanted at energies of 500 keV for Mn and 250 keV for Al, to ensure that the peak of the concentration, i.e. the ion range, occurs near the middle of the film [13] .
The samples are placed inside a copper sample box on a He-3 sorption cooler inside a cryostat. The sample space is surrounded by a superconducting shield. The optical pulse is generated by a GaAsP LED (1.9 eV), coupled fibre-optically to the sample box. The transmission of the feedline near the resonance frequency is sensed using a signal generator, low noise amplifier and quadrature mixer, allowing for monitoring the resonance frequency in the time domain [2, 10] .
The observed response to an optical pulse can be seen in the inset of Fig. 2 . The initial rise is due to the response time of the resonator, which is a function of the loaded quality factor and resonance frequency. The subsequent decay closely follows an exponential dependence and can be characterized with a single timescale. In previous experiments noise spectral measurements have shown this to be the single dominant timescale for relaxation [2] . The relaxation times of the Ta samples and samples implanted with Mn and Al are displayed in Fig. 2 down to a bath temperature of 325 mK. At high temperatures the relaxation times of the unimplanted sample increase with decreasing temperature, reach a maximum near a temperature of 650 mK, and decrease to plateau values of 25 -30 µs at the lowest temperatures. With increasing Mn concentration, the low temperature relaxation times clearly decrease, down to a value of 10 µs for a concentration of 100 ppm. The relaxation time at high temperatures, except for the highest concentration of Mn, joins with the values of the unimplanted sample. The samples with 100 ppm Al also exhibit a clear decrease of the low temperature relaxation time.
The temperature dependence as well as the quantitative values of the relaxation times of the unimplanted sample are very similar to those previously reported for Ta [2, 4, 5, 6] . The fact that the clear trend of a decreasing low temperature relaxation time with increasing Mn concentration can also be created by implanting non-magnetic Al atoms suggests the observations are due to disorder.
To summarize, we have measured the relaxation time in Ta high Q planar resonators using optical pulses down to temperatures of 325 mK, implanted with magnetic (Mn) as well as non-magnetic (Al) atoms. We find for both cases a decreasing relaxation time for increasing concentration, most significantly at the lowest temperatures, indicating that low temperature relaxation is enhanced by impurities, regardless of their magnetic moment.
